Abstract: Aim: The aim of this study was to determine the effect of beating heart technique on mortality and morbidity after redo valve operations.
INTRODUCTION
The success of the open-heart surgery is dependent on not only the technical abilities of the surgeon and the operation technique but also on the preservation of the myocardium. Development of cardiopulmonary bypass (CPB) and progression of elective cardiac arrest techniques provided time long enough to do an open-heart surgery safely and comfortably. The effect of hypothermia for myocardium preservation was firstly introduced by Bigelow and it was used solitarily or concomitantly with intermittent aortic cross-clamping (XCL) until 1970.
Diastolic arrest of the heart with potassium was first introduced by Melrose et al in 1955 (1) . Improvements of cardioplegia solutions provided better myocardial preservation of the heart through the surgery.
The negative effects of CPB and myocardial ischemia time (XCL time) are two important predictors of morbidity and mortality after open-heart surgery. The most deteriorative effect of CPB on the heart is the reperfusion injury. Besides that, another major cause of myocardial dysfunction after open-heart surgery is myocardial oedema caused by diastolic arrest of the heart (2, 3).
The incidence of redo open-heart surgeries increases nowadays. The beating heart operation technique could be an alternative for conventional surgery technique in thishigh-risk patient population to reduce the mortality and morbidity rates. The aim of this prospective study was to determine the effect of beating heart technique on mortality and morbidity after redo valve operations. Patients who had any cardiac surgery without median sternotomy were excluded.
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Statistical analysis
All data were recorded as continuous and categorical variables. The SPSS 11. 05 (Statistical Package for the Social Sciences SPSS Inc., Chicago, IL) for Windows programme was used for statistical analysis of the data. Student t-test was used to calculate the statistical significance of the variables such as age, ejection fraction, aortic cross-clamping time, postoperative drainage volume and chi-square test was used to evaluate the data of the variables gender, functional capacity, preoperative patient condition, cardiac rhythm, morbidity and mortality.P value lower than 0.05 was accepted as statistically significant.
Operative technique
All operations were done under general anaesthesia. In Group 1, median sternotomy was done in all of the patients. CPB was initiated after systemic heparinization with proper dose heparin administration, standard aortic and unicaval cannulation. In five patients with ascending aortic aneurysm, arterial cannula was introduced through right femoral artery. A retrograde perfusion cannula was introduced through coronary sinus to perfuse the heart. The pressure on this retrograde cannula was monitored and it was used to supply oxygenated blood to the heart through a line from the CPB machine. Jostra HL 20 heart-lung machine was used for extracorporeal circulation and Dideco D 708 Simplex III oxygenator and systems was used in all of the cases. All operations were done with non-pulsatile flow. Patient body temperature was monitored with rectal heat probe and the body temperature of the patient maintained between 35-37°C. Aortic, right pulmonary vein and apical venting was achieved. In 15 patients, aortic cross-clamp was applied and retrograde coronary sinus perfusion was initiated. The flow pressure on the retrograde coronary sinus perfusion line was maintained between 60-90 mmHg and the flow rate was maintained between 300-500 ml/min. In 17 patients, aortic cross-clamp was not applied and antegrade blood supply was achieved by holding the patient in Trendelenburg's position so retrograde perfusion was not utilized in these patients. Intraoperative electrocardiography (ECG) monitoring was done to follow the ischemia of the myocardium. Arterial pressure, blood oxygen saturation, central venous pressure and urine output was also monitored. While perfusing the heart through retrograde cannula, partial oxygen pressure (pO2) was measured in blood samples taken from the aortic vent line and coronary sinus perfusion line in every 20 minutes. Presence of anaerobic metabolism was checked by measuring pH and lactate levels in blood samples taken from the aortic vent line in every 5 minutes. Transcranial Doppler ultrasonography (DUSG) imaging and electroencephalographic monitoring was done intraoperatively to follow any air embolism of intracranial vessels. Preoperative transoesophageal echocardiography (TEE) imaging was done in all of the cases to evaluate the heart valve functionality and check the residual air bubbles in heart chambers. In postoperative period, transthoracic echocardiography (TTE) imaging was done to evaluate the myocardial functions and heart valve functions in all of the cases.
In Group 2, median sternotomy was done in all of the patients. After standard aortic unicaval cannulation, retrograde coronary sinus cannulation and aortic vent implantation, CPB was initiated. In two patients, arterial cannula was introduced through right femoral artery. Cardiac arrest was achieved with antegrade and retrograde infusion of cold crystalloid and blood cardioplegia solutions following the aortic XCL. Patient body temperature was monitored with rectal heat probe and it was maintained between 28-32°C. Warm blood cardioplegia solution was administered before de-clamping the aorta. Myocardial and valve function evaluation was done with TTE imaging in all of the patients in this group.
RESULTS
Preoperative data is presented in Table 1 . Functional capacity (New York Heart Association (NYHA) Functional Classification) was significantly lower and number of patients with chronic obstructive lung disease (COLD) was significantly higher in Group 1 when compared with Group 2 (p = 0.011 and p = 0.003 respectively). There was no significant difference in other preoperative variables. The initial operations that the patients had and redo operation types are presented in Table 2 and 3. Operative data of the groups are shown in Table 4 . Operation, CPB and aortic XCL times were significantly higher in Group 2 when compared with Group 1 (p = 0.001, p = 0.003, p = 0.04 respectively). Postoperative data of the patients is presented in Table 5 . Mechanical ventilation, inotropic agent support and hospitalization times were significantly higher in Group 2 when compared with Group 1 (p < 0.05). Intensive care unit time was significantly longer in Group 1 when compared to Group 2 (p < 0.05) Drainage volumes, blood product transfusion volumes, intraaortic balloon pump (IABP) support times were not significantly different between the groups.
DISCUSSION
The incidence of redo operations in heart valve diseases was increased in the last decades. As it was presented in the literature, the need for redo operations after heart valve reconstructional interventions -especi-DOES BEATING HEART SURGERY TECHNIQUE REDUCE THE MORTALITY AND MORBIDITY AFTER... ally after mitral and tricuspid valve surgeries-increased in different rates. This increase might be caused by the increased mean age of general population, prosthetic heart valve disadvantages as well as the heart valve repair techniques or surgeon related factors (4). The mortality and morbidity rates are higher in redo open-heart surgeries and they are technically more challenging according to primary operations. Multiple factors such as myocardial injuries due to adhesion of scar tissue on the heart during exploration, pulmonary hypertension accompanying heart valve dysfunction, excessive bleeding and blood product transfusions, inappropriate myocardial protection increase the morbidity and mortality rates after redo open heart surgeries (5). Due to improvements in myocardial preservation techniques, operative mortality risk and postoperative morbidity rates were decreased (6) . Retrograde perfusion of the heart through coronary sinus cannula and achievement of myocardial preservation was already presented in the literature (7, 8, 9) .
The number of valve operations done with beating heart technique increased in the last few years. The blood itself is the most effective myocardial protective agent despite the improved myocardial preservation techniques. Cardioplegia techniques inevitably cause myocardial reperfusion injury. Besides that, myocardial dysfunction after open-heart surgery is a result of myocardial oedema accumulated in the heart during diastolic arrest period. Thus, keeping the heart beating during the surgery will lessen the myocardial oedema and improve the postoperative cardiac functions (10) .
Due to recent improvements in beating heart coronary bypass and heart valve surgeries, we decided to utilize these techniques and use them in our operations with some improvements. Continuous blood perfusion throughout the surgery reduces the uncontrolled myocardial perfusion risk. In recent studies, the beating heart valve surgery was proved a practicable and logical technique with reasonably positive results (11) .
In this study we found that, the morbidity and mortality rates were lower in the patient group undergoing redo heart valve surgery operated with beating heart on-pump technique when compared with the patient group who were operated with conventional technique in which the heart was arrested with cardioplegic solutions. In addition, we found that our technique provided better myocardial preservation and resulted with better postoperative outcomes especially in the patients who had impaired myocardial functions.
In conclusion, lower mortality and morbidity rates, practicability, lower hospitalisation times, lower costs and improved quality of life after the operations are the positive results of beating heart valve surgery technique. Although these encouraging outcomes, we think that more studies should be conducted including larger patient series and more centres.
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